Introduction
Guillain-Barré syndrome (GBS), also known as Landry-Guillain-Barré-Strohl syndrome, was described in 1916 [ 1, 2 ] . GBS is usually a predominantly motor disorder with are fl exia and subjective more than objective sensory symptoms. GBS is the most common cause of acute fl accid paralysis worldwide, particularly with the almost complete eradication of poliomyelitis. Its incidence in North America and Europe ranges from 0.8 to 1.9 cases per 100,000 population. GBS affects individuals of all races and ages, but is more common in subjects above 50-year-old [ 3, 4 ] , and the incidence increases by 20 % for every 10-year increase in age [ 5 ] . The annual incidence of GBS increased with age from 1.7/100,000 before 50 years to 3.3/100,000 after 50 years. The annual incidence in children less than 15 years old is between 0.34 and 1.34 per 100,000 population [ 4 ] . GBS affects males more than females with a male to female ratio of 1.78.
For many years since its original description, GBS was considered to be a single disorder and interchangeably named acute in fl ammatory demyelinating polyradiculoneuropathy (AIDP), based on evidence of acute immune attack on myelin and resemblance to experimental allergic neuritis. In addition, criteria for the published diagnosis of GBS have been based on AIDP clinical and electrophysiological features (Table 28 .1 ).
More recently, it has become clear that AIDP represent only the prototype of GBS, and other related immune polyneuropathies that cause acute generalized weakness but with different etiologies and pathophysiologies have been grouped together and called GBS. These GBS types comprise most commonly the axonal subtypes of GBS, in which the primary pathology is axonal degeneration and not segmental demyelination, including acute motor axonal neuropathy (AMAN), a pure motor disorder, and acute motor-sensory axonal neuropathy (AMSAN), an acute mixed sensorimotor axonopathy (Table 28. 2 ).
In addition to these three major subtypes of GBS, several GBS variants have been described. These variants deviate signi fi cantly from the fl accid weakness and are fl exia of typical GBS. Their link to GBS is supported by preceding infectious episodes, diminished re fl exes, elevated CSF protein levels, and a presumed immune-mediated origin. Of these, Miller Fisher syndrome is the most widely known, but others include facial diplegia with paresthesias, pure sensory or ataxic forms, a pharyngeal-cervical-brachial regional form, and an acute dysautonomia (see Table 28 .2 ).
Etiology
Although the topography, pathological features, pathophysiology, prognostic features and, more recently, immunopathogenesis of GBS are well understood, the etiology of the disease remains uncertain. There are no genetic factors that are known to predispose individuals to develop GBS, nor is there evidence that GBS is communicable. There have been reports of clusters of cases without an obvious source, but these have been thought to represent random variations [ 7 ] .
The association of GBS with vaccinations has been suspected and debated for more than four decades. Reports of a de fi nite association of GBS and conventional in fl uenza, hepatitis B, and Gardasil vaccines have been published [8] [9] [10] . An "epidemic" of GBS, more accurately, an approximately fi vefold increase in the incidence of cases over the estimated natural occurrence, was reported following the swine in fl uenza vaccination program in 1976 [ 11 ] . However, lack of clarity in case ascertainment still generates controversy regarding the validity of this association [12] [13] [14] . Nonetheless, the risk of developing GBS is one to two additional GBS cases per one million vaccinated persons. The incidence of GBS was higher among conventional in fl uenza vaccinees that were younger than 65 years, but the morbidity was higher among those older than 65 years [ 10 ] . Following the recent pandemic swine fl u in 2009, another specially designed H1N1-in fl uenza vaccine was introduced. Though epidemiological studies from North America and Europe did not fi nd an increase in incidence of typical GBS among contemporary H1N1-in fl uenza vaccinees [ 15, 16 ] , atypical GBS cases and cases with GBS variants were recently reported [ 17 ] .
An upper respiratory tract viral illness, diarrhea, or other infectious illness occurs 1-4 weeks before the onset of GBS in approximately two-thirds of patients (Table 28. 3 ) [ 2, 18 ] . In any individual case, the relationship between an antecedent illness and GBS may be less certain. Respiratory or gastrointestinal syndromes are the most common antecedent illnesses. In most patients, the infection resolves by the time the neurological condition develops.
Campylobacter jejuni ( C . jejuni ) is the most frequently identi fi ed bacterial infection preceding GBS. In addition to its peculiarity of being a bacterial rather than a viral infection, it is implicated in up to 30 % of GBS cases studied prospectively with serological studies [ 19, 20 ] . Patients with C . jejuni enteritis develop fever, watery diarrhea, and abdominal cramping with GBS typically developing days later. However, a substantial number of patients have only serological evidence of recent C . jejuni infection without enteritis [ 19 ] . C . jejuni -related GBS has more severe axonal loss on electrodiagnostic (EDX) studies, elevated anti-GM1 antibodies, and a more protracted recovery compared to cases without the infection (see Sect. " Acute Motor Axonal Neuropathy " below) [ 19, 21 ] . The immunologic implications of C . jejuni as a triggering agent for GBS are of great interest because this sequence of events supports postinfectious nerve in fl ammation as a pathogenetic theory. Certain strains of C . jejuni are the cause of enteritis in a disproportionate number of GBS patients [ 22 ] . The lipopolysaccharides of these organisms share ganglioside-like epitopes with peripheral nerves (such as GM1, GQ1b, and GalNAc-GD1a) and are thought to induce a form of molecular mimicry in which the immune system, in its efforts to eradicate C . jejuni, elaborates antibodies against neural antigens and secondarily produces GBS [ 21, 23 ] .
The most commonly identi fi ed viral infection is cytomegalovirus (CMV), with serological evidence of preceding infection in 10-15 % of cases [ 18, 24 ] . In some instances, the only indication that CMV is the preceding infectious agent may be an elevation in liver enzymes concomitant with the onset of GBS symptoms. GBS triggered by CMV infection tends to occur in younger individuals and to produce a more severe course with respiratory failure, prominent sensory loss, more frequent cranial nerve involvement, and raised antibodies directed against the ganglioside GM2 [ 18, 25 ] . Similarly, judging by serological studies, Epstein-Barr virus infection precedes GBS in approximately 10 % of patients, and the infectious clinical syndrome varies from mononucleosis to pharyngitis or hepatitis [ 18 ] . The relationship between GBS and other viruses reported to precede the condition, such as respiratory syncytial virus, parain fl uenza virus, echovirus, coxsackie virus, measles, mumps, rubella, herpes zoster and simplex virus, in fl uenza, and hepatitis A and B, is less certain (see Table 28 .3 ). GBS may occur soon after seroconversion with human immunode fi ciency virus (HIV) [ 26 ] . There are no clinical or EMG features that distinguish these patients from non-HIV-related forms of GBS, except for a prominent lymphocytic pleocytosis in the spinal fl uid of patients with HIV, which may therefore complicate the CSF formula in GBS [ 26 ] . GBS has also been reported following immune reconstitution from highly active retroviral immunotherapy [ 27 ] .
Among other bacteria, Mycoplasma pneumoniae ( M . pneumoniae ) has been reported to precede GBS in approximately 5 % of cases and should be considered when weakness develops after a prodromal illness characterized by fever, headache, and severe dry cough [ 18 ] . Infection with M . pneumoniae is supported by the presence of cold agglutinin antibodies in the serum and is con fi rmed by complementfi xing antibody tests. Lyme disease is a bacterial illness caused by a spirochete, Borrelia burgdorferi in the United States and Borrelia afzelii in Europe. It is transmitted by infected hard ticks belonging to a few species of the genus Ixodes. Lyme disease may cause a chronic axonal sensorimotor polyneuropathy, a painful polyradiculitis (Bannwarth's syndrome), or acute facial diplegia [ 28, 29 ] . This may mimic GBS, but the presence of a true postinfectious polyneuritis with Lyme is still somewhat uncertain. As with HIV, a lymphocytic pleocytosis in the spinal fl uid may distinguish these patients from typical cases of GBS [ 28, 29 ] . Shigella, salmonella, typhoid, brucella, cyclospora, and yersinia enterocolitica also have preceded GBS during epidemics or in single cases [ 30 ] .
Several systemic illnesses also have been tenuously linked to acute GBS, but most of these are implicated more often with CIDP. For example, a GBS-like syndrome has been described in patients with Hodgkin's disease, lung cancer, thyroid disease, systemic lupus erythematosus, paraproteinemia, and sarcoidosis in single case reports or small series [ 31, 32 ] . It is dif fi cult to be certain that these are anything more than chance associations.
Many GBS series have included a small proportion of cases that occurred after surgery, and only few cases genuinely appear to have been triggered by an operation. It is now considered that some of these patients who develop weakness after being admitted to the intensive care unit have a "critical illness polyneuropathy" rather than GBS as a consequence of multiorgan failure and sepsis or other factors associated with a prolonged postoperative course in an intensive care unit (see Chap. 76 ) . It is also unlikely that the axonal loss and prognosis in GBS patients worsen after admission to the intensive care unit due to concomitant critical illness polyneuropathy [ 33 ] . Trauma has rarely been reported as a precipitant to GBS, and we have seen several such cases, but the association remains uncertain. In one study reported in 2006, 16 patients receiving tumor necrosis factor-alpha antagonist therapy developed GBS and were reported to the US Food and Drug Administration [ 34 ] . Other medications, drugs of abuse, bone marrow transplantation, and spinal epidural anesthesia all have been reported to precede GBS, but these connections also remain unproven. GBS may occur at any time during pregnancy, but the risk is maximal during the fi rst 2 weeks after delivery [ 35 ] .
Pathogenesis
A number of immune mechanisms involving humoral and cellular immunity, complement deposition, proin fl ammatory cytokines, and other in fl ammatory mediators are theorized to be involved in the pathogenesis of GBS [ 36 ] . Many of these purported mechanisms have been gleaned from studies in an experimental model of the disease-experimental autoimmune neuritis (EAN) that represents a fair version of the human disease. The extent to which each of these immune processes is related to various clinical and electrophysiological patterns, and the implications for treatment and prognosis, is of great interest but has not been fully studied. In EAN, rabbits, guinea pigs, or rats are immunized with autologous peripheral nerve tissue and Freund's adjuvant (a nonspeci fi c stimulator of immune reactions). After a latency of several days, they develop a rapidly progressive paralytic illness with the pathologic features of endoneurial in fl ammation and demyelination, identical to the clinical and pathological manifestations of GBS [ 37 ] . This in fl ammatory response is mediated by T cells that are directed against epitopes on peripheral nerve myelin including PO, P2, and PMP 22, and by implication, this immune attack leads to macrophage invasion and demyelination [ 38 ] .
In classical pathological studies of GBS, demyelination was most prominent adjacent to regions of intense perivenular in fl ammation [ 39, 40 ] . Pathological material from patients with GBS shows a similar accumulation of lymphocytes and macrophages in a perivascular distribution scattered throughout the peripheral nervous system with a predilection for spinal roots [39] [40] [41] . Macrophages and T cells express major histocompatibility (MHC) class II antigens which are upregulated on Schwann cells in the region of in fl ammatory lesions in patients with GBS. One hypothetical sequence that has been offered is that activated T cells, stimulated by a preceding infection and by an interaction with antigen presenting cells that express MHC class II antigens, disrupt the blood nerve barrier, attack endoneurial antigens, and release in fl ammatory cytokines such as interleukin-2 and tumor necrosis factor (TNF) [ 36 ] . In keeping with this hypothesis, several investigators have demonstrated elevated levels of TNF and soluble TNF receptor in the serum of patients with acute GBS [ 42, 43 ] . These cytokines attract macrophages that are capable of producing nerve demyelination and damage Schwann cells and axons [ 36, 42, 43 ] .
There is also evidence that humoral factors are central to the development of GBS. Passive transfer studies have shown that sera from GBS patients injected into the nerves of animals induces local demyelination. Furthermore, the observed clinical recovery following removal or neutralization of autoantibodies (or other pathogenic humoral factors) by plasmapheresis or intravenous immune globulin (IVIG) supports a role for B-cell-mediated processes in the pathogenesis of GBS [ 44 ] . Koski et al. demonstrated that elevated serum levels of complement-fi xing anti-myelin antibodies correlated with disease activity in patients with GBS [ 45, 46 ] . Recent autopsy studies revealed that local complement activation occurs at the site of nerve lesion, such as the axolemma in patients with AMAN and the Schwann cell membrane in patients with AIDP [ 47, 48 ] . There is now evidence, using high-resolution immunocytochemistry, of early complement activation and deposition of activated complement components along the outer surface of the Schwann cell. The presence of terminal complement complex is associated with vesiculation of the outermost myelin lamellae. This occurs before and within 1 week of invasion of macrophages [ 48 ] . In patients with AMAN associated with axonal loss, the complement activation product binds to the axolemma of motor fi bers and, in severe cases, immunoglobulin and activated complement within the periaxonal space of myelinated internodes [ 47 ] .
Numerous studies have demonstrated the presence of anti-neural antibodies directed against acidic glycoconjugates in the serum of patients with GBS. These peripheral nerve antigens are usually gangliosides (GM1, GD1a, GQ1b, and GT1a) which differ with regard to the position and number of their sialic acid. There is solid indication that antiganglioside antibodies play a pathogenic role in the pathophysiology of GBS [ 49 ] . In clinical practice, these antibodies are found in only a minority of patients since autoantigens have not been well identi fi ed in AIDP. The anatomic distribution of the gangliosides within the peripheral nervous system may explain some of the observed clinical variants of GBS [ 36, 49 ] . For example, GQ1b is strongly expressed in the oculomotor, trochlear and abducens nerves, as well as the muscle spindles in the limbs, which explain the distinct Miller Fisher syndrome (ophthalmoplegia, ataxia, and are fl exia), frequently associated with anti-GQ1b antibody [50] [51] [52] . There is also strong evidence currently that the axonal subtypes of GBS, particularly AMAN and less commonly AMSAN, are associated with antibodies directed against GM1 and GD1a at the axolemma. This eventually attracts macrophages invading the nodes of Ranvier and inserting between the axon and the axolemma, resulting in axonal degeneration. In AMAN, the myelin sheath also remains intact, and there is no lymphocytic in fl ammation [ 53 ] . In AMAN, only the axons of the ventral roots are involved, while in AMSAN, both the dorsal and ventral roots are affected [ 38, 41 ] .
Increasing evidence supports that molecular mimicry plays an important role in the pathogenesis of GBS. It is likely that genetic polymorphism in various strains of C. jejuni determines the speci fi city of the antiganglioside antibodies and the associated variant of GBS. Lipooligosaccharide, a major component of the outer membrane of C. jejuni , has ganglioside-like products; sensitization with GM1-like lipooligosaccharide by injecting it, rabbits induced a neuropathy resembling AMAN [ 54 ] . C. jejuni bacterial isolates from patients with AMAN have GM1-like and GD1a-like lipopolysaccharides, whereas bacterial isolates from patients with the Miller Fisher syndrome usually express GQ1b-like lipopolysaccharides [ 55, 56 ] . It is now evident that C. jejuni is composed of several classes that have diverse lipooligosaccharide biosynthesis genes. C. jejuni is now grouped into several classes based on the organization of these genes. A speci fi c class carrying a sialyltransferase gene (cst-II) is associated with the development of GBS. Patients infected with a speci fi c strain (Thr51), which expressed both GM1-like and GD1a-like lipooligosaccharides, had anti-GM1 or anti-GD1a IgG antibodies and present with typical GBS manifestations including limb weakness. In contrast, patients infected with another strain (Asn51), which expresses GT1a-like or GD1c-like lipooligosaccharides, have anti-GQ1b IgG antibodies and present with the Miller Fisher syndrome including ophthalmoplegia and ataxia [55] [56] [57] [58] . On the basis of the above fi ndings, one may conclude that C. jejuni -associated/GM1-related GBS represents at least true instance of a molecular-mimicry-related disease.
Clinical Features
GBS in its typical form is a predominantly motor neuropathy, although acral paresthesias are almost always present at the onset of the illness (Table 28.4 ) . Tingling, prickling, or pins and needles sensations are usually followed within hours or days by symmetrical leg weakness and trouble walking. The presence of acral paresthesias increases the probability of the correct diagnosis of GBS [ 2 ] . Dif fi culty climbing stairs or arising from a chair or commode is typical. Weakness of the upper limbs, ocular, oropharyngeal, and facial muscles develops with variable frequency and severity.
The weakness is often bilateral but some degree of asymmetry is common. Rarely, the weakness begins in one limb hours or a day before involving the contralateral limb. Proximal weakness is more frequent than distal and often more severe. In contrast to diseases that affect the muscle or neuromuscular junction, weakness rarely remains restricted to the shoulder or hip girdle muscles; some degree of hand or distal leg weakness develops after the proximal muscles. The weakness often moves to the upper limbs resulting in an ascending paralysis . Weakness that remains limited to the legs or, alternatively, weakness that begins in the hands or shoulder girdle and involves the legs may occur as the condition advances. A pattern of descending paralysis occurs in 10-15 % of cases, with symptoms beginning in the cranial nerves or arms and spreading to the legs. Approximately one-third of fully developed cases have a degree of weakness that is similar in the arms and legs. Fasciculations or myokymia are observed in a small number of patients.
The second hallmark sign of GBS is reduced or absent deep tendon re fl exes , presumably re fl ecting desynchronization or dispersion of impulses carried by myelinated fi bers in the afferent arm of the re fl ex arc. Approximately 70 % of patients have absent deep tendon re fl exes at the time they are fi rst examined. Re fl exes occasionally remain elicitable until weakness or large fi ber sensory loss advances. Re fl exes are almost always unobtainable in limbs that are too weak to resist gravity. Yuki et al. found that the myotatic re fl exes were normal or exaggerated during the entire clinical course in approximately 10 % of GBS patients, more commonly in patients with AMAN than AIDP [ 60 ] . However, the diagnosis of GBS must remain questionable in this group, and upper motor neuron causes of weakness should be excluded.
More than half of GBS patients experience paresthesias of the distal extremities as the initial symptom. Most patients complain of "pins and needles," "prickling," or "tingling" feelings, likened to an "asleep feeling" in an arm or leg following compression of the limb. In contrast to most lengthdependent axonal polyneuropathies, patients with GBS often develop paresthesias in the fi ngertips soon after the feet are affected and sometimes beforehand. The sensory symptoms are symmetric and often precede weakness by a few days, ascending to the ankles and wrists as the illness progresses. Paresthesias of the trunk or face are infrequent. Patients may also describe an acral numb, heavy, or dead sensation as the disease evolves. Some experience sensory loss over the trunk, and a well-demarcated sensory level simulating spinal cord disease has been described, but only to the extent of a noticeable change in sensation, not analgesia below the level. The detection of a genuine thoracic sensory level should prompt further evaluation with an MRI of the spinal cord to exclude a myelopathy including transverse myelitis. Reduced Reprinted with permission from Ropper [ 59 ] vibration sense and proprioception in the distal limbs are the most common fi ndings. A substantial number have sensory ataxia that is soon obscured by weakness. Pinprick sensation may also be impaired in distal parts in severely affected patients.
Pain is a common but underappreciated symptom in GBS. Pain may precede the onset of weakness by 2 weeks in 1/3 of patients [ 61 ] , and about 2/3 of patients have modest discomfort early in the illness [ 62 ] . Pain, when not severe, may be overlooked by medical staff who are preoccupied with more pressing medical complications, and intubated patients often are unable to convey their discomfort. The discomfort in GBS has been described as (1) aching, usually con fi ned to muscles of the back, hips, or upper legs (the most common type); (2) shooting or stabbing, radicular pain radiating from the back to one or both legs; or (3) chronic and unrelenting, burning, dysesthetic feelings in the distal limbs [61] [62] [63] . Rarely, back and radicular pain can precede weakness and paresthesias and be attributed to sciatica or a spinal condition [ 63 ] . At 1-year follow-up, pain is reported in 38 % of patients, and the pain intensity was highest in patients with typical GBS and in those with sensory disturbances and with higher level of weakness and disability [ 61 ] .
Approximately one-half of GBS patients will have cranial nerve involvement at some time in the course. The facial nerve is most commonly affected, and facial weakness typically occurs when there is substantial limb weakness. Conversely, lack of facial weakness in a patient with severe generalized paralysis should at least raise concerns about the accuracy of the diagnosis. As with limb weakness, facial paralysis is often bilateral, but occasionally asymmetrical, and rarely unilateral. Weakness of the ocular muscles arises in 10-20 % of patients, the abducens nerve being most commonly affected. Impaired abduction is usually bilateral and occasionally asymmetrical. Oropharyngeal weakness occurs in up to one-half of patients during the course of the illness and presents great problems in terms of aspiration. In severely affected patients, there may be paralysis of all the cranial muscles, ventilatory failure, and fl accid paralysis of all the limbs, simulating the "locked-in" state [ 64 ] .
Weakness of the diaphragm that leads to respiratory failure and a requirement for ventilator support occurs in approximately 20-30 % of patients with GBS [65] [66] [67] . Most such patients are quadriparetic, although patients with a bibrachial pattern of weakness may also have pronounced oropharyngeal and respiratory muscle involvement (see Sect. " GuillainBarré Syndrome Variants "). Weakness of the neck muscles, tongue, and palate tends to parallel involvement of the diaphragm and respiratory muscles. Diaphragmatic weakness, which causes reduced vital capacity, inspiratory force, and tidal volume, invariably causes atelectasis. Coughing and clearing of oral secretions are then impaired, generating progressive atelectasis, arteriovenous shunting, and mild hypoxia. These changes further aggravate ventilatory failure by causing tachypnea and an increased work of breathing. As the respiratory rate increases, levels of carbon dioxide actually may be reduced in the early stages of respiratory compromise. However, as the diaphragm, intercostal, and accessory muscles become further exhausted, hypercapnea ensues and patients may rapidly deteriorate with hypercarbia and respiratory arrest. If diaphragmatic and respiratory muscle weakness have not occurred 2 weeks into the course of the illness, assisted ventilation should not be necessary unless other pulmonary or medical complications ensue. The main predictors of mechanical ventilation include shorter days between onset of weakness and admission, higher Medical Research Council (MRC) sum score, and presence of facial and/or bulbar weakness (see Sect. " Prognosis ") [ 65 ] . Patients with GBS who require ventilator support have a less favorable prognosis for neurologic recovery, longer hospitalization, and higher mortality.
Dysautonomia is a less common but well-recognized feature in patients with fully developed GBS, occurring up to 65 % of cases [ 68, 69 ] . This number is certainly overestimated if one considers only changes of clinical signi fi cance. Autonomic nervous system complications tend to occur more frequently in those with severe paralysis and ventilatory dif fi culties, but rarely may develop in otherwise mild cases. The most common cardiac manifestations include sinus tachycardia, sinus bradycardia, sinus arrest and other supraventricular arrhythmias, paroxysmal hypertension, hypotension (especially postural hypotension), and so-called vagal spells that consist of bronchorrhea, bradycardia, and hypotension. Infection, hypoxia, pulmonary embolus, and other medical complications should be excluded before attributing cardiovascular disturbances to dysautonomia. Because of the potential for complete heart block, sinus arrest or other life-threatening cardiac arrhythmias (e.g., ventricular tachycardia), and the risk of rapidly progressive respiratory failure, most patients with GBS require monitoring in an intensive care setting early in the illness (see Sect. Supportive Care in under the Sect. Treatment and Management ). Other features of autonomic instability include ileus, urinary retention (surprisingly common-seen in one-quarter of patients and suggesting a myelopathy), and inappropriate antidiuretic hormone secretion leading to hyponatremia [ 70 ] . Many patients have minor aspects of dysautonomia that are clinically insigni fi cant, such as altered sweating, mild orthostatic hypotension, and acral cyanosis from vasomotor instability.
GBS can have sometimes unusual features such hearing loss, meningeal signs, vocal cord paralysis, papilledema, and mental status changes [ 71 ] . Recently, cases of GBS has been associated with posterior reversible encephalopathy syndrome (PRES) [ 72 ] . One explanation for the PRES is that the cytokines, produced in the context of GBS, may increase the permeability of the blood-brain barrier.
Guillain-Barré Syndrome Subtypes
For many years, the term AIDP was interchangeably used with GBS. It is now well recognized, particularly during the last two decades, that axonal forms of GBS exist and these are distinguished from AIDP using electrophysiological and pathological characteristics. These disorders, AMAN and AMSAN, remain under the same umbrella term of GBS because they share many of the clinical fi ndings, including fl accid weakness and are fl exia, preceding infectious episode, and a presumed immune-mediated origin (see Table 28 .2 ). These disorders are also often preceded by infections, but may be occasionally associated with connective tissue disorders [ 73, 74 ] . Also, these disorders may be dif fi cult to distinguish on early electrodiagnostic studies since the nerve conduction changes may overlap and sequential studies are often necessary.
Acute In fl ammatory Demyelinating Polyradiculoneuropathy (AIDP)
AIDP is the prototype of GBS and characterized by peripheral nerve and spinal root demyelination. This disorder accounts for up to 90 % of GBS cases in North America and Europe [ 75 ] but only 22-46 % of cases in China, Japan, India, Southeast Asia, and Mexico [ 76, 77 ] . This disorder is characterized by vesicular degeneration of myelin triggered by membrane-attack complex formation on the outer surface of Schwann cells. AIDP has not been strongly associated with antiganglioside antibodies [ 78 ] .
Acute Motor Axonal Neuropathy (AMAN)
McKhann, Grif fi n, and colleagues described an acute paralytic syndrome in patients from regions of northern China and coined the term acute motor axonal neuropathy (AMAN) [79] [80] [81] . It is now clear that this disorder is as common as AIDP in Mexico, China, Japan, India, and Southeast Asia, accounting for 30-65 % of cases [ 76, 77 ] . In contrast, AMAN is rare in North America and Europe, probably accounting for less than 10 % of cases [ 75 ] .
The disorder primarily af fl icts children and young adults [ 79, 82 ] and causes symmetrical limb weakness, are fl exia, facial diplegia, and oropharyngeal and respiratory muscle weakness that evolves over several weeks. The extraocular muscles are spared. There are no sensory features although mild changes in sensory nerves may occur [ 83 ] . The condition occurs as an annual epidemic during summer months. Most cases are preceded by a gastrointestinal illness with abdominal pain, cramps, and diarrhea and elevated antibody titers to Campylobacter jejuni, anti-GM1, and anti-GD1a [84] [85] [86] . The spinal fl uid protein concentration is usually slightly elevated after several days of the illness, but EDX studies show reduced or absent compound muscle action potential amplitudes with normal conduction velocities, no conduction blocks, normal sensory potentials, and early active denervation, thus implicating a process similar or identical to AMSAN, with the exception of the normal sensory potentials (see below) [79] [80] [81] .
Autopsy fi ndings have con fi rmed widespread axonal degeneration with little demyelination or in fl ammation [ 48, 81 ] . Pathologic studies using electron microscopy have demonstrated the presence of macrophages in the periaxonal space of myelinated internodes [ 48, 53, 87 ] . The pathogenesis of AMAN has not been fully elucidated, but there is convincing evidence for an antibody-and complement-mediated process directed primarily at motor axons. There is evidence to suggest that IgG anti-GM1 or anti-GD1a antibodies bind to the axolemma at the node of Ranvier leading to membraneattack complex formation. This results in the loss of voltagegated sodium channels and leads to conduction failure. These rapidly reversible immune-mediated changes at the nodes of Ranvier may explain the puzzling speedy recovery that occurs in some patients with AMAN, a rate that is comparable to patients with AIDP. Another explanation for the rapid recovery is selective degeneration and subsequent quick regeneration of intramuscular motor nerve terminals in AMAN [ 86, 88, 89 ] .
Acute Motor-Sensory Axonal Neuropathy (AMSAN)
In 1986, Feasby and coworkers described an axonal form of GBS, challenging the existent notion of GBS being a primarily demyelinating disease. These patients developed rapidly progressive paralysis, are fl exia, and distal sensory loss [ 90, 91 ] . All of their patients required assisted ventilation and recovery was poor. The spinal fl uid protein level was increased, but in contrast to the demyelinating features of typical GBS, EDX evaluation showed numerous inexcitable nerves, widespread active denervation, and no evidence of demyelination. An autopsy in one case showed axonal degeneration without in fl ammation or primary demyelination in the spinal roots and peripheral nerves. Since then, several studies have suggested that this syndrome, now termed acute motor-sensory axonal neuropathy (AMSAN), represents a variant of GBS that is clinically indistinguishable from typical, albeit very acute, cases but in which axons are the targets of the immune reaction. Virtually all patients become quadriplegic within days and require ventilator support and most have substantial residual weakness after recovery from the acute illness; some remain ventilator dependent for prolonged periods. Nerve conduction studies indicate an acute and widespread axonal sensory and motor neuropathy without demyelinating features.
It has also been argued that complete, distal conduction block and reversible conduction failure can simulate the fi nding of nerve inexcitability that is at the core of the diagnosis [ 92 ] . Subsequent pathological material from a few cases has shown axonal degeneration in the motor nerves with macrophages insinuated in the periaxonal space of internodes; some patients also had axonal loss in the spinal roots [ 41 ] .
Recent evidence suggests that AMAN and AMSAN share a common immunological pro fi le and represent a continuum within the spectrum of axonal GBS [ 41 ] . Anti-GM1, antiGM1b, and anti-GD1a, immunological markers for AMAN, are seen in high percentage of patients with AMSAN [ 93 ] . Also, sensory fi ber involvement which distinguishes AMSAN from AMAN has been shown to be often involved subclinically in AMAN patients [ 83 ] .
Evaluation and Diagnosis

Electrodiagnostic Studies
Electrodiagnostic (EDX) studies are very important in the diagnosis of GBS. Abnormalities on nerve conduction studies (NCS) are seen in up to 95 % of cases, and these fi ndings are diagnostic in large number of GBS patients at some time during the course of the illness [94] [95] [96] . Unfortunately, NCS may be normal or show only modest nondiagnostic changes early in the course of GBS, at a time when treatment decisions have to be made. Repeat studies are often necessary, particularly when initial NCS fi ndings are not speci fi c [ 94 ] . The nature of the abnormalities detected by NCS depends upon the timing of the study in relation to disease onset and the number of nerves studied. Extensive testing of multiple nerves and multiple nerve segments in multiple limbs including evaluation of F-waves, H-re fl exes, and blink re fl exes is essential. The aim of NCS is to show evidence of multifocal acquired nerve demyelination, the hallmarks of AIDP, which represents the majority of patients with GBS in the Western World [ 75 ] .
Abnormal Electrodiagnostic Parameters in GBS
The EDX studies in GBS include a variety of NCS parameters which may become abnormal during the course of illness. These include motor distal latencies, motor conduction velocities, CMAP amplitude and waveform con fi guration, sensory studies, late responses, and needle EMG. Although these EDX abnormalities are common in GBS, they vary in speci fi city which renders some of them less useful than others. The following are the most common abnormalities seen in GBS, with varying degree of speci fi city:
Abnormal H-Re fl ex
The tibial H-re fl ex is a sensitive test for detecting abnormalities of the S1 nerve root and early polyneuropathy and correlates fairly well with the Achilles re fl ex [ 97 ] . Absent H-re fl exes correlate well with the are fl exia in the lower extremities of GBS patients. The H-re fl exes are absent bilaterally in almost all patients with GBS, including in 95-100 % of patients during the fi rst 1-2 weeks of illness [98] [99] [100] . Hence, the H-re fl ex is the most sensitive EDX test. However, absent H-re fl exes are not speci fi c for GBS since it a common fi nding in the elderly and occurs in the majority of large fi ber sensory and sensorimotor peripheral polyneuropathy such as diabetic and critical illness polyneuropathies, as well as S1 radiculopathies, cauda equina, and conus medullaris lesions.
Abnormal F-Waves
Multifocal acquired nerve demyelination, the hallmark of GBS [ 6 ] , preferentially affects proximal and distal portions of the peripheral nerves [ 101 ] . Therefore, a common fi nding in early GBS is prolonged F-waves [94] [95] [96] . Prolonged or absent F-responses have been reported in as many as 40-80 % of GBS patients early in the illness [ 100, 102 ] . It may be the sole electrodiagnostic abnormality in about one-fourth of patients [ 101, 102 ] . The yield of F-wave studies improves by assessment of additional multiple F-wave parameters, including chronodispersion, mean latency, and mean amplitude [ 101 ] . However, these parameters are dif fi cult to quantitate and are subject to variability.
Multiple and Complex A-Waves
A-waves are reproducible intermediate-to-late responses that are distinguished from F-waves and H-re fl exes and usually seen during routine F-wave studies. A-waves may be recorded in normal individuals of the foot muscles while stimulating the tibial nerve. A-waves are commonly seen in multiple nerves and often with complex morphology in about 2/3 of patients with GBS [ 103, 104 ] . Their precise mechanism is not known, but they may be due to ephaptic transmission between axons or proximal re-excitation of the axon. Although prevalent in GBS, A-waves are not speci fi c for GBS since they may be seen in other acquired and inherited demyelinating polyneuropathies (such as chronic in fl ammatory demyelinating polyneuropathy and Charcot-Marie-Tooth disease type I) and, less often, in axonal polyneuropathies, radiculopathies and motor neuron disease [ 103 ] .
Motor Conduction Blocks
This is de fi ned as a reduction (usually >20-50%) in the amplitude and area of the compound motor action potential (CMAP) following proximal nerve stimulation ( Fig. 28.1 ). To be more speci fi c and to avoid confusing GBS with polyneuropathies associated with compressive mononeuropathies, the conduction blocks in GBS should be located at non-entrapment sites ( Fig. 28.2 ). This is a highly speci fi c fi nding but is found in only about one-third of patients with GBS, dependent on the number of nerves and nerve segments studied [ 95, 98, 100 ] . Conduction block is often a sign of segmental demyelination, but transient conduction and block may be seen as the early manifestations of axonal loss such during the early stages of AMAN [ 105, 106 ] . Sequential studies are necessarily before a fi nal diagnosis of axonal loss is made. Also, low distal CMAPs may be due to distal demyelination with distal conduction block and often mimic axonal loss. Rapid recovery of low distal CMAPs and SNAPs on sequential studies is a necessary con fi rmatory sign of distal demyelination [ 106 ] .
Nerve Conduction Velocities Slowing
Signi fi cant slowing of nerve conduction velocities was fi rst reported by Lambert and Mulder who reported in 60 % of their patients with GBS. During the early stage of disease, however, 80-90 % of patients with AIDP have normal conduction velocities [ 95 ] . It is now clear that prominent slowing of nerve conduction velocities is uncommon and is detected in only approximately 25 % of cases [ 98, 100 ] . Slowing is particularly uncommon during the fi rst 2 weeks of illness in AIDP, and conduction velocities become paradoxically slower between 3 and 6 weeks from onset and during the recovery phase, presumably due to nerve fi ber remyelination [ 95 ] . Additionally, controversies remain regarding the exact cutoff of conduction velocity that distinguishes primary demyelination from axonal loss, particularly in the presence of low CMAP amplitude. These values have varied from 60 to 80 % of the lower limits of the normal conduction velocity values [ 94, 95, 107 ] .
Distal Latency Slowing
Since multifocal acquired nerve demyelination in GBS preferentially affects proximal and distal portions of the peripheral nerves, common fi ndings in early GBS are prolonged distal motor latencies [ 94, 95 ] . Although this fi nding is common, it lacks speci fi city except when the latencies are signi fi cantly delayed and are within the demyelinating ranges. Similar to velocities, these ranges have also been controversial since demyelinating ranges have varied from 120 to 150 % of the upper limit of normal values [107] [108] [109] [110] . is compared to proximal stimulation below fi bular neck (middle tracing) and popliteal fossa (lower tracing). The conduction block is distal to the fi bular neck, not at a common entrapment site (i.e., fi bular tunnel). dLAT/ CV distal latency/conduction velocity, AMP amplitude
Compound Muscle Action Potentials (CMAPs) Dispersion
The CMAP duration may be prolonged in GBS, and this is attributed to varying degrees of conduction slowing in demyelinated motor nerve fi bers. Dispersion of the CMAP has only been considered as a criterion of demyelination in one study [ 108, 109 ] . Adding this fairly speci fi c fi nding to other EDX parameters improved the sensitivity of EDX studies without worsening its speci fi city [ 111 ] . Distal CMAP durations of median, ulnar, peroneal, or tibial nerves measuring more than 8.5 ms are strong evidence for the presence of demyelination [ 111, 112 ] .
Abnormal Sensory Nerve Action Potentials (SNAPs)
Earlier EDX criteria of GBS overlooked sensory nerve conduction studies by emphasizing abnormalities of motor NCS, such as conduction block, CMAP dispersion, abnormal F-waves, and slowing of latencies and velocities. It is now clear that SNAPs abnormalities are common and sometimes speci fi c for AIDP. SNAP are abnormal in about 75 % of patients sometimes during the illness [ 94, 95, 100, 102 ] . The most common fi ndings are reduced SNAPs amplitudes. This may re fl ects axon loss but is more likely caused by conduction block and phase cancellation. Slowing of sensory nerve conduction velocities is detected less frequently because the SNAP potential usually drops out before severe slowing is found. Sensory NCS is now recognized to be important in providing EDX evidence that might distinguish primary demyelinating from axonal polyneuropathy. A sural-sparing pattern , also known as a "normal sural-abnormal median" pattern, is now recognized to be a common and speci fi c fi nding in GBS and in particular AIDP [ 94, 100, 113, 114 ] . In contrast to the majority of length-dependent axonal polyneuropathies, the median and ulnar SNAPs are frequently reduced or absent when the sural nerve is normal ("sural sparing"), presumably as a consequence of random, multifocal demyelination. This pattern is the most speci fi c sensory abnormality in AIDP and is present in about 50 % of patients during the fi rst 2 weeks of illness [ 98, 100 ] .
There are several limitations of the sural-sparing pattern which affects its sensitivity and speci fi city in the diagnosis of GBS. First, the sural SNAP may be either low in amplitude or absent in elderly patients and in those with underlying diabetic polyneuropathy [ 98 ] . Second, technical considerations in hospitalized or critically ill patients or those on mechanical ventilation render it dif fi cult to study the sural SNAP. Third, the median sensory study may be abnormal in patients with preexisting carpal tunnel syndrome. Hence, sural sparing is better de fi ned by preservation of sural SNAP in the presence of normal or near normal median and ulnar SNAPs in the upper extremity [ 98, 100 ] .
Comparing several SNAP amplitudes in the upper and lower extremities is a useful exercise, particularly in elderly where the sural may be unobtainable. Among them, a sensory ratio (sural + radial SNAPs/median + ulnar SNAPs) is a good substitute for sural-sparing pattern. Patients with AIDP are 12 times more likely to have an elevated sensory ratio (>1) compared to patients with axonal polyneuropathies such as diabetic or critical illness polyneuropathies [ 115 ] . It is not known whether another lower limb SNAP, such as the super fi cial peroneal, could substitute for the sural.
Needle Electromyography (EMG)
Needle EMG is the least helpful EDX tool in the evaluation of patients with GBS, mostly since the EDX studies are often done early in the disease before signs of axonal degeneration are apparent on needle EMG. The initial fi nding in patients with GBS is reduced recruitment with the degree of abnormality proportional to the degree of muscle weakness. Early on, the combination of normal or virtually normal motor unit action potentials (MUAPs), reduced MUAP recruitment, and absent fi brillation potentials detected by needle EMG is characteristic. However, similar needle EMG fi ndings are also seen in other acute axonal nerve lesions. The detection of abnormal spontaneous activity ( fi brillation potentials) indicates axonal damage and occurs in 20-60 % of GBS patients in the fi rst 4 weeks of the illness [ 95, 107 ] . This is seen in the demyelinating and axonal subtypes of GBS and signi fi es a variable element of axonal loss in all patients. Abnormal spontaneous activity is found more often during follow-up studies, 2-4 months after onset, and may be observed in proximal and distal muscles, consistent with multifocal nerve degeneration [ 95 ] . MUAP morphology changes start to occur after the fourth week of illness with an increased percentage of polyphasic MUAPs as the early change. Myokymia may be found in limb or facial muscles in some GBS patients, usually early in the course of the disease [ 94 ] .
Electrodiagnostic Criteria in GBS
Various sets of EDX criteria for the detection of demyelination have been developed. These were mostly made by consensus or as part of the methods utilized in GBS studies [ 94, 95, 107, 109, 110 ] . However, most of these criteria were not subjected to vigorous scrutiny or applied to other neuropathies, and their speci fi cities in GBS diagnosis were not well tested. For example, classic published diagnostic criteria of AIDP in GBS are ful fi lled in 20-70 % of the cases based on the speci fi c criteria utilized [ 99, 116 ] . This variation depends on how strict these criteria are in excluding patients with equivocal EDX fi ndings.
Although it is intuitive to conclude that EDX studies are sensitive in con fi rming demyelination, EDX studies often reveal abnormalities that are not speci fi c of primary demyelinating polyneuropathy during the early phases of the disease. Common abnormalities seen during the fi rst few weeks of illness include absent or delayed H-re fl exes, F-responses or blink re fl exes, "sural sensory sparing," distal CMAP temporal dispersion, or frequent A-waves [ 95, [98] [99] [100] . During the fi rst 4 days of weakness GBS, about 1/2 of the patients have normal NCSs (except for absent H-re fl ex in the majority of them), while only about 10 % of them have normal studies by the fi rst week of illness [ 98 ] . Another 5-10 % have only nonspeci fi c nerve conduction abnormalities, such as mild slowing, absent and/or prolonged H-re fl exes or F-waves (due to spinal root demyelination), or low-amplitude CMAPs (due to intramuscular motor nerve terminals involvement).
We recommend using EDX criteria that include these different variables and have increasing levels of certainty in con fi rming the diagnosis of demyelination in AIDP [ 100 ] (Table 28 .5 ). These criteria are designed to grade the level of con fi dence of the EDX studies, ranging from normal study to de fi nite fi ndings of acquired multifocal demyelination. Using these criteria, about 2/3 of patients with GBS meet the highly suggestive or de fi nite criteria for AIDP during the fi rst two weeks of illness with a very high speci fi city of 96-100 %. The remainder likely includes patients with the axonal subtypes of GBS, AMAN, and AMSAN, who do not have evidence of demyelination.
Electrodiagnostic Studies in GBS Subtypes
The EDX studies in GBS and its subtype may be confusing at the early stage of the disease when it is often dif fi cult to determine the subtype classi fi cation of the disease (axonal vs. demyelinating) [ 105 ] . AIDP, AMAN, and AMSAN may have similar fi ndings during the fi rst weeks of illness. As outlined above, sensory conduction abnormalities are seen in patients with AMAN, making the distinction with AMSAN sometimes dif fi cult [ 83 ] . Also, transient conduction slowing and block may be encountered during the early stages of AMAN, leading to incorrect diagnosis of AIDP [ 106, 117 ] . Similarly, some patients initially classi fi ed as "axonal" by nerve conduction studies have distal conduction block, and follow-up studies demonstrate rapid recovery of motor and/or sensory amplitudes typical of distal demyelination as seen in AIDP [ 92 ] . A useful diagnostic clue is the time course of EDX abnormalities. The nadir of conduction slowing in AIDP is 3-6 weeks after onset of symptoms, and this corresponds with the beginning of the clinical improvement [ 95 ] . In contrast, when conduction slowing or block is present in AMAN, it is evident early during the fi rst 3 weeks of illness and rapidly resolves in parallel with clinical improvement [ 106, 117 ] .
Prognosis of GBS Using Electrodiagnostic Studies
It has been long known that this presence of axonal damage in GBS is generally associated with worse outcome. In contrast, there is no association between slowing of nerve conduction velocities or F-wave latencies and clinical recovery. Early studies indicated a relationship between the detection of fi brillation potentials and poor outcome [ 118 ] , but others have failed to con fi rm this fi nding as fi brillation potentials may occur when minimal amount of axonal loss has occurred [ 75, 107 ] . Also, fi brillation potentials may take several weeks to appear which renders needle EMG fi ndings less useful.
Reduced CMAP amplitude is the most important predictor of outcome in GBS. Reduced mean CMAP amplitude (<20 % of the lower limit of normal) or absent CMAPs are strongly associated with a poor prognosis [ 66, 75, 119 ] . Hadden and colleagues demonstrated that 42 % of patients with an axonal loss pattern, on follow-up studies, were nonambulatory after 48 weeks [ 75 ] . On individual basis, one should be careful in making de fi nite prognostic implications based on EDX studies only during the fi rst 2-3 weeks of illness for several reasons: (1) Patients with axonal GBS studied early may show normal CMAP amplitude before the onset and completion of Wallerian degeneration [ 120 ] ; (2) EDX evidence of conduction block when the site of stimulation is advanced proximally does not always imply segmental demyelination since primary axonal degeneration may manifest with conduction block before the completion of Wallerian degeneration [ 121 ] ; and (3) although low distal CMAP amplitudes imply almost always axonal loss, a severe distal demyelinative conduction block may mimic axonal degeneration and shows improvement of CMAP over a short period of time with good prognosis [ 94 ] .
Serial EDX studies are extremely useful in GBS for the accurate diagnosis and prognosis of GBS. The disorder often evolves over several days to weeks, and a single early EDX study and before the illness reaches its nadir may be misleading. This lone study may miss the pathological changes that may have not been completed including Wallerian degeneration and sometimes rapid remyelination. Also, signs of segmental demyelination are most evident during the third and fourth weeks of illness [ 95 ] . These serial EDX studies are also mandatory for proper diagnosis and classi fi cation of GBS subtypes (AIDP, AMAN, and AMSAN). In many cases, the relative contributions of primary demyelination and axonal degeneration, or a combination of the two, cannot be determined with any certainty except if EDX studies are performed many weeks after the onset of disease and corroborated by the outcome.
Cerebrospinal Fluid Studies
Typically, the CSF protein level is elevated in the majority of patients at some time during the course of the illness. The protein concentration is elevated in only 50 % of patients during the fi rst week of illness and is elevated in 75 % by the third week [ 2 ] . Usually, the protein level peaks in the second or third weeks of the illness followed by a slow decline towards normal that may take several months. The cause of increased CSF protein is not known but presumably results from abnormalities in the blood-CSF barrier due to in fl ammation at the level of the spinal nerve roots. Patients with GBS and exceptionally high protein levels (e.g., 1,500 mg/dL) may develop papilledema and symptoms of pseudotumor cerebri. Patients with AMAN and AMSAN also tend to have elevated CSF protein levels, but the frequency of this fi nding and the protein concentration is usually lower compared to patients with AIDP; normal values are not unusual. There is also correlation between the presence of demyelination on EDX studies and the CSF protein concentration during the fi rst 2 weeks of illness [ 100 ] . There is no apparent correlation between the CSF protein level and clinical fi ndings or outcome.
The increase in CSF protein is not usually associated with a cellular response. This "cyto-albuminologic dissociation" was observed fi rst by Guillain-Barré and Strohl in their fi rst cases and made the disease credible by differentiating it from a number of febrile paralytic disorders, particularly poliomyelitis [ 1 ] . However, in most large series, minorities, usually less than 10 %, of patients have a slight lymphocytic CSF pleocytosis greater than 10 cells/mm. GBS that follows Lyme or HIV infection often has a more prominent pleocytosis that re fl ects a concurrent meningeal reaction [ 26, 122 ] . Therefore, the presence of cells in the CSF certainly does not exclude the diagnosis, but other infectious disorders, such as Lyme and HIV [ 26, 122 ] , or malignant conditions, such as lymphoma [ 32 ] , should be excluded.
Antiganglioside Antibodies
Gangliosides are a large family of glycosphingolipids, predominantly distributed on the cell-surface membrane. Although antibodies against many of these gangliosides have been detected in sera of GBS patients, including LM1, GM1, GM1b, GM2, GD1a, GalNAc-GD1a, GD1b, GD2, GD3, GT1a, and GQ1b, the pathological signi fi cance of some of these antibodies is not known. In addition, most of these antibodies are found in subgroups of GBS patients. Antibodies to GD3, GT1a, and GQ1b are often seen in high percentage of patients with GBS associated with ophthalmoplegia, and antibodies to GQ1b are detected in 95 % of patients with MFS [ 123 ] . Antibodies to GM1, GM1b, GD1a, or GalNAc-GD1a are associated with about 50 % of patients with AMAN or axonal variants of GBS [ 78 ] . When strict criteria for GBS subtypes are used, IgG autoantibodies against GM1 or GD1a are associated with AMAN, AMSAN, and acute motor-conduction-block neuropathy (see below), but not with AIDP. No speci fi c ganglioside antibody appears to be associated with AIDP, the prototypical and most common form of GBS in North America and Europe. This explains why these ganglioside antibodies are not clinically useful in clinical practice in these countries.
Imaging Studies
Magnetic resonance imaging (MRI) is most useful in excluding central nervous system disorders which may mimic GBS in their presentations. This includes MRI of the brain to rule out brainstem pathology and MRI of the cervical and thoracic spine to exclude cord compression or transverse myelitis. MRI of the lumbar spine, however, is often abnormal and shows nerve root enhancement of the cauda equina with gadolinium. This occurs in up to 80-90 % of patients particularly in children and in patients with severe weakness and severe leg and back pain (Fig. 28.3 ) [ 124, 125 ] . Occasionally, the facial nerves may also enhance with gadolinium in GBS patients with facial palsies [ 126 ] .
Other Laboratory Studies
Routine laboratory studies are usually normal in patients with GBS. The erythrocyte sedimentation rate or liver function studies are infrequently elevated, although these fi ndings most likely re fl ect a recent, preceding infectious illness and have little diagnostic utility. Viral antibody titers, particularly EBV and CMV, may be increased and thus help to identify the triggering infectious agent in individual cases. Prior infection with C. jejuni may be con fi rmed by detecting elevated serum IgM antibodies or culturing the bacteria from the stool [ 19 ] .
An HIV titer should be obtained in patients with GBS who have CSF pleocytosis, risk factors for HIV or reside in geographic regions where AIDS is prevalent. Urine porphyrin screen, heavy metal testing, and Lyme titer may be indicated in selected cases but are rarely necessary. Stool culture and serum titers for C . botulinum and anti-acetylcholine receptor antibodies are helpful in patients when the ocularpharyngeal-brachial variant is considered or when electrophysiological studies are consistent with a disorder of neuromuscular transmission. Creatine kinase (CK) may be slightly elevated, particularly in patients with muscle pain and tenderness [ 63 ] . A very high serum CK level distinguishes GBS from rhabdomyolysis or acute myopathies. Severe electrolyte imbalance may cause generalized weakness that rarely mimics GBS, and levels of magnesium, phosphorus, and potassium should be checked.
Differential Diagnosis
Acute GBS is easily recognized in typical cases, but unusual presentations expand the differential diagnosis to many other central nervous system and neuromuscular diseases (Table 28 .6 ). With several subtypes and variant syndromes (see below), GBS may mimic a variety of neurological disorders [ 127 ] . Careful history and examination, coupled with cautious interpretation of diagnostic testing, is often necessary for accurate diagnosis. The fi rst step is to establish that the clinical features are a consequence of a peripheral nerve condition. 
Acute Peripheral Neuropathies and Poliomyelitis
Apart for GBS, the majority of acute peripheral neuropathies are toxic in nature. Acute toxic neuropathies are axonal and evolve in a subacute or chronic fashion. There are numerous environmental, industrial (heavy metals), and occupational toxins that cause a neuropathy, resembling GBS, following an acute exposure, including if a history of ingestion is lacking. Acute arsenic poisoning may have a presentation that is indistinguishable from GBS and AIDP. The EDX studies may show fi ndings of acquired demyelinating polyneuropathy, which when repeated, convert to a dying-back neuropathy [ 128 ] . Thallium, lead, n-hexane (glue-sniffers neuropathy), and organophosphate poisoning are other examples of acute toxic neuropathies. In most instances, intoxication is heralded by gastrointestinal symptoms, and usually there is involvement of other organ systems, skin lesions, alopecia, and encephalopathy, coma, or other features of central nervous system toxicity. Acute toxic neuropathies are distinguished from GBS by the history of preceding toxic ingestion and by detecting suspected toxins in the serum or urine. Acute demyelinating neuropathies mimicking GBS have been linked to certain medications, such as amiodarone, perhexiline, and gold therapy for rheumatoid arthritis. An acute, rapidly progressive neuropathy, similar to GBS, has been described in alcoholics [ 129, 130 ] . These patients invariably have a long-standing history of alcohol abuse prior to onset of the acute neuropathy. Most develop progressive generalized weakness, severe distal sensory loss, and are fl exia over days to weeks. The condition is distinguished from GBS by a normal CSF protein concentration and axonal features on EDX studies. Patients with acute intermittent porphyria (AIP) may develop a neuropathy that resembles GBS [131] [132] [133] . A variety of medications or infections may trigger an acute attack. Initial symptoms include vomiting, constipation, and abdominal pain. Seizures occur in 10-20 % of cases and delirium or other psychiatric symptoms occur in most. The weakness is symmetric and begins in proximal muscles of the arms, but widespread weakness develops in most as the syndrome progresses. Hypertension, arrhythmias, or other features of dysautonomia are common. The cranial nerves are typically spared. EMG shows an axonopathy rather than demyelination, thus differentiating this condition from typical GBS. Increased urinary excretion of delta-aminolevulinic acid and porphobilinogen during an acute attack of AIP establishes the diagnosis.
Neuropathy is a common complication of systemic vasculitis and usually evolves in a subacute fashion; rarely, acute mononeuritis multiplex may have a fulminant course that simulates an acute polyneuropathy. Polyarteritis nodosa, and hepatitis B or C-associated vasculitis Churg-Strauss syndrome are the vasculitides most likely to cause a rapidly progressive polyneuropathy [ 134 ] . Focal or multifocal onset, severe pain, lack of diaphragmatic weakness or cranial nerve involvement, and electrophysiological features of a multifocal axonopathy distinguish acute vasculitic neuropathy from GBS in most cases. Furthermore, the CSF protein level is normal in the former condition. The diagnosis is established by pathologic evidence of vasculitis on biopsy material. Nonsystemic vasculitic neuropathy is generally an indolent condition that is rarely mistaken for GBS.
Lyme disease, a tick-borne illness, may be a consideration in cases of GBS presenting with facial diplegia or when there is a CSF pleocytosis. However, as already noted, most cases of Lyme neuropathy are characterized by chronic, slowly progressive, distal sensory loss or an asymmetric, painful polyradiculopathy.
Poliomyelitis, once the most common cause of acute paralysis in the world, is now a rarity except in few underdeveloped countries (see Chap. 19 ). The condition is most commonly contracted by non-vaccinated individuals after exposure to infants who recently were vaccinated against the poliovirus. A number of other viruses, typically the enteroviruses such as the West Nile virus, may produce an identical poliomyelitis syndrome and are a more common cause of acute motor neuronopathy simulating GBS. Affected individuals have a febrile illness, usually a gastroenteritis, followed by a paralytic phase 7-14 days later. The neurologic syndrome begins with fever, headache, and neck stiffness, followed by muscle pain, asymmetric fl accid limb paralysis, and fasciculations, and reaches a nadir within 4 weeks. Mild confusion may occur early in the illness. Diaphragmatic and oropharyngeal weakness are common but the extraocular muscles and sensory functions are spared. The CSF shows a lymphocytic pleocytosis and a normal or mildly elevated protein concentration, in contrast to GBS. Similarly, nerve conduction studies in poliomyelitis show reduced or absent motor amplitudes with normal conduction velocities and no conduction block. Sensory potentials are normal. Fibrillations are prominent in weak muscles early in poliomyelitis. Culture of the poliovirus from the pharynx or stool or detection of elevated antibodies directed against poliovirus with acute and convalescent sera establishes the diagnosis.
During the West Nile encephalitis epidemic in North America in the late 1990s and early 2000s, many patients with weakness were diagnosed mistakenly as GBS. Upon further studies, it was clear that these were cases of West Nile-induced poliomyelitis with evidence of anterior horn cell damage [ 135, 136 ] . When motor weakness occurs in West Nile, it may be asymmetric with paralysis of one limb (monoparesis) or fairly symmetric affecting four limbs (quadriparesis), with or without brainstem involvement and respiratory failure. EDX studies also reveal normal SNAPs, low-amplitude CMAPs recorded from weak muscles, signs of diffuse active denervation (including the paraspinal muscles), and generalized or focal loss of motor units [ 137 ] . The pathology is consistent with poliomyelitis with identi fi ed neuronal loss, perivascular chronic in fl ammation, and microglial proliferation in the ventral horns of the spinal cord, especially in the cervical and lumbar segments [ 138 ] .
Diphtheria is also a rare cause of acute polyneuropathy in developed countries because of effective vaccination programs. It is also reported in closed communities in countries where diphtheria remains endemic despite prior vaccination [ 139 ] . Infection with Corynebacterium diphtheria produces a febrile syndrome with severe pharyngitis, followed by palatal weakness and descending paralysis that develops weeks later. A membranous exudate over the tonsils and pharynx is present in most cases, and cervical adenopathy may be prominent. Bulbar weakness is present in the majority of patients. Over half the patients develop paralysis of accommodation. Symmetric limb weakness may be mild or severe with a predilection for proximal muscles. There is generalized are fl exia, minimal sensory loss, and no dysautonomia. The course is slower than GBS, with maximal paralysis developing as long as 3 months after the onset of palatal weakness. The CSF pro fi le demonstrates a cyto-albuminologic dissociation, similar to GBS, and EDX studies show an acute demyelinating neuropathy. Differentiation from GBS may be impossible if the early facial involvement is not recognized, but the low prevalence of diphtheria in developed countries makes GBS a more likely cause of acute, generalized, are fl exic paralysis.
Critical illness polyneuropathy (CIP) was once frequently mistaken for GBS in the intensive care setting (see Chap. 76 ). It is now recognized as a common cause of limb weakness and failure to wean in ventilated patients in intensive care units (ICU). CIP is encountered most often in patients who have had sepsis and multiorgan failure [140] [141] [142] . Flaccid limb weakness, muscle atrophy, and generalized hypo-or are fl exia are found in most patients. A small minority have facial weakness or ophthalmoparesis. Accurate sensory examination may be dif fi cult in ventilated ICU patients, but most patients appear to have distal loss of all sensory modalities. Dysautonomia does not occur. The CSF protein concentration is normal and EDX studies demonstrate axonal loss with diffuse denervation without demyelination. Critical illness myopathy and prolonged exposure to neuromuscular blocking agents are other conditions that may simulate GBS in the ICU.
Disorders of the Neuromuscular Junction
Botulism is a rare condition that begins with cranial nerve dysfunction followed by generalized paralysis and can be confused with the oropharyngeal or ophthalmoparetic regional variants of GBS (see Chap. 50 ). Food-borne botulism usually begins hours to days after the ingestion of the neurotoxin produced by Clostridium botulinum types A, B, or E by way of contaminated food. Nausea and vomiting are followed by constipation and neurological symptoms. Blurred vision is an early complaint. Initial fi ndings include dilated pupils in most patients, with paralysis of accommodation, ptosis, and oropharyngeal weakness. Diaphragmatic weakness with ventilatory failure is common and may be more severe than limb weakness. In contrast to GBS, the deep tendon re fl exes are usually preserved. EDX studies show reduced amplitudes of the motor potentials with an incremental increase of the amplitude (usually >100 % above baseline) following high-frequency repetitive nerve stimulation, indicating a presynaptic neuromuscular junction abnormality. The CSF is normal. Detection of botulinum toxin in the serum, contaminated food source, or culture of Clostridium botulinum from the stool con fi rms the diagnosis.
In myasthenia gravis (MG), the slow onset of weakness, prominent fl uctuation, fatigue, and the regional pattern of involvement usually poses little dif fi culty distinguishing these cases from GBS, but rarely patients with MG have a fulminant course with rapidly progressive limb and respiratory muscle weakness resembling an ocular-pharyngealbrachial variant of GBS (see below) [ 143 ] . Although ptosis occurs in a minority of patients with GBS and may be transiently responsive to edrophonium, though it does not fatigue. Similarly, oropharyngeal weakness, nasal speech, and hypophonia do not fl uctuate in GBS patients. Preserved deep tendon re fl exes and lack of sensory symptoms or signs, dysautonomia, or an elevated CSF protein level are other features that differentiate MG from variant patterns of GBS. Patients with MG usually have transient improvement in strength following administration of edrophonium. EDX studies easily differentiate the two conditions; in MG, nerve conduction studies are normal and low-frequency repetitive nerve stimulation recording from a clinically affected muscle demonstrates a decrement (>10 %) of the amplitude characteristic of a postsynaptic neuromuscular junction abnormality.
Tick paralysis causes rapidly progressive paralysis that perhaps simulates GBS more closely than any other condition [ 144 ] . The illness is rare and affects mostly children in the northwestern United States in the spring and summer. A short prodrome characterized by fatigue, paresthesias, and ataxia is followed by generalized, are fl exic weakness that occurs 3-5 days after attachment of the tick. The CSF is normal throughout the illness. The EDX studies show reduced motor amplitudes without demyelinating features; sensory studies are normal. The diagnosis is established by fi nding the tick, usually located at the hairline, and removal is followed by rapid recovery.
Central Nervous System Disorders
Occlusion of the basilar artery with pontine infarction may produce fl accid quadriparesis with ocular and bulbar fi ndings. The symptoms usually begin suddenly and often there is a history of preceding transient ischemic attacks. Deep tendon re fl exes may be reduced at the initial evaluation although hyperre fl exia develops after a few days or weeks. Babinski signs are usually present. Vertical eye movements are preserved and other cranial nerve fi ndings may be present but are usually asymmetrical. Most patients with brainstem stroke are somnolent or comatose because of involvement of the ascending reticular activating system. Acute cervical transverse myelitis may cause a rapidly progressive quadriparesis. The detection of a spinal sensory level on the trunk and upper motor neuron fi ndings (hyperre fl exia, extensor plantar responses) differentiates this condition from GBS, but in the spinal shock stage of an acute myelopathy, fl accid limb weakness and are fl exia simulate a lower motor neuron condition. In the acute in fl ammatory myelopathies (multiple sclerosis, neuromyelitis optica, or acute disseminated encephalomyelitis), weakness is often asymmetric, bowel and bladder dysfunction is an early and prominent fi nding, and the cranial nerves are normal. There is usually an in fl ammatory response with lymphocytes in the spinal fl uid. Increased signal abnormalities on T2-weighted MRI or gadolinium enhancement of the cervical or thoracic cord establish the diagnosis.
Anxiety or a panic attack may be considered early in the illness when paresthesias are the only symptom of emerging GBS and deep tendon re fl exes may be preserved. These patients may be labeled as "anxious" with symptoms attributed to hyperventilation and are often discharged from the emergency room, only to return later with generalized and diaphragmatic weakness.
Treatment and Management
Supportive Care
Most patients with GBS require admission to an intensive care unit (ICU) under the care of physicians who are familiar with the medical complications that develop in paralyzed ICU patients (Table 28 .7 ) [ 146, 147 ] . The timely and skillful management of medical problems is as important as immune therapy in the outcome of patients with GBS.
Ventilatory failure is a central issue and should be anticipated in any GBS patient with progressive limb or oropharyngeal weakness. About 15-30 % of patients with GBS will need ventilatory support [ 65, 147 ] . Atelectasis develops early and leads to mild hypoxemia. Hypercarbia and hypoxemia is a later fi nding as ventilatory failure advances; therefore, arterial blood gases are not as helpful as respiratory mechanics in monitoring the evolution of diaphragmatic weakness in GBS patients. Vital capacity (VC), tidal volume, and negative inspiratory force are reasonably sensitive re fl ections of diaphragmatic power, and progressive decline in these values indicates impending mechanical respiratory failure and the need for ventilatory support (Fig. 28.4 ) [ 146 ] . These measures should be obtained early on in the course and repeated as frequently as dictated by the clinical state (up to every 4-6 h). Bulbar dysfunction including swallowing problems with dif fi culty in clearing secretions increases the odds of needing ventilator support. In general, if the forced vital capacity is less than 15-20 mL/kg, the maximum expiratory pressure is less than 30 cmH 2 O and the maximum inspiratory pressure is less than 30 cmH 2 O, impending respiratory arrest is present and intubation should be performed [ 148 ] . Also, PCO 2 above 48 mmHg or PO 2 less than 56 mmHg on room air are de fi nite indications for intubation [ 2, 149 ] .
Prediction for respiratory failure in patients with GBS is important in order to improve outcome and reduce mortality. Several studies have recently tried to answer this question. Walgaard et al. found that patients who required ventilatory support had facial and/or bulbar weakness, shorter days between onset of weakness and admission, and more limb weakness (higher Medical Research Council sum score) [ 65 ] . Sharshar et al. proposed that patients should be monitored in ICU setting if at least one of the following predictors of respiratory failure is present: (1) time from onset to admission of <7 days, (2) inability to cough, (3) inability to Reprinted with permission from Ropper et al. [ 145 ] stand, (4) inability to lift the elbows, (5) inability to lift or head, or (6) vital capacity <60 % of predicted. More than 85 % of patients with 4 out of these 6 predictors were intubated [ 150 ] . Moreover, Durand et al. found that the EDX is a predictor for mechanical ventilation. They found that the risk of respiratory failure was very low in GBS patients with less than 55.6 % conduction block of the common peroneal nerve [ 151 ] .
Incentive spirometry is useful in the early stages of the illness to prevent atelectasis. Frequent suctioning and chest physiotherapy minimize the accumulation of secretions and prevent aspiration and bronchopneumonia, but patients with moderate oropharyngeal weakness (e.g., those who cannot safely swallow liquids) will probably require intubation for protection of the airway. Most patients with severe, ventilator-dependent GBS who have no improvement after 2 weeks require tracheostomy to secure long-term airway management, avoid tracheal stenosis, facilitate suctioning, and maximize patient comfort. However, tracheostomy can be deferred for another week if pulmonary function tests show any signi fi cant improvement form baseline. Older patients with preexisting pulmonary disease are more likely to require tracheostomy [ 152 ] .
Autonomic dysfunction is a well-recognized feature of GBS and a signi fi cant source of mortality. It is present in 70 % of patients, but serious and potentially fatal dysautonomia occurs in 20 % of patients. Severe autonomic disturbances affect mainly patients with severe weakness and those with respiratory failure. Many of the features of autonomic dysfunction are self-limited and require no intervention. For example, resting tachycardia is common in GBS patients and does not require treatment except in those with active coronary artery disease and acute myocardial ischemia. Hypertension often develops as a consequence of a procedure (e.g., suctioning or catheter placement) but is usually transient and does not require therapy. Sustained high blood pressure (e.g., >180/95) may be managed with angiotensin-converting enzyme inhibitors or beta-blocking agents. Short-acting intravenous medications, such as nitroprusside or esmolol, are preferred for patients who have severe, labile hypertension and require immediate therapy. Conversely, postural hypotension, often precipitated by only minor position changes, can be effectively treated with a bolus of intravenous saline or by placing the patient in the supine position. Norepinephrine and other sympathomimetic agents generally should be avoided because of the risk of rebound hypertension, but vasopressors may be necessary for those with persistent supine hypotension. Invasive procedures or cholinergic medications may trigger excessive vagal discharges ("vagal spells") and precipitate bradycardia, asystole, or other vagally mediated arrhythmias [ 153, 154 ] . These episodes are usually transient, but anti-arrhythmic medications (atropine) or cardiac pacing may be necessary [ 154 ] . Micturitional disturbances are common and can be managed with intermittent catheterization or an indwelling catheter [ 147, 155 ] .
Nosocomial infections are probably the most common medical complication that develops in GBS patients in the ICU with pulmonary infections predominating [ 156 ] . Other infections include urinary tract infections and central venous catheters sepsis. Tracheitis and sinusitis are other considerations in intubated patients who have a persistent fever and no apparent source of infection. Every effort should be made to identify the organism to guide appropriate antibiotic therapy. Routine monitoring of the chest X-ray and sputum and urine cultures are useful. However, bacterial colonization occurs frequently, and patients should receive antibiotic therapy only when there is clinical evidence of an infection; inappropriate treatment only increases the risk of infection with resistant pathogens. Although indwelling urinary catheters are often necessary in GBS patients, the risk of colonization and infection increases after several days.
Immobilization that is associated with GBS predisposes to deep venous thrombosis and pulmonary embolism. Subcutaneous heparin or intermittent pneumatic compression boots should be used routinely, and chronic anticoagulation with warfarin may be considered for those who are bedbound or ventilator dependent for long periods. Low molecular weight heparin has become popular, but the value of neither the old nor new type of heparin has been established by a trial; they are presumed from experiences in general medicine to be helpful. Although mucous plugging is probably the most common cause of acute respiratory decompensation in ventilated patients with GBS, any unexplained episode of acute oxygen desaturation requires evaluation for pulmonary embolism. Patients who are intubated or have dysphagia due to oropharyngeal weakness require nasogastric tube feedings to maintain long-term nutritional support. A gastrostomy tube can be placed at the time of tracheostomy in patients with prolonged recovery. Hyperalimentation may be necessary in patients with an ileus. Neostigmine or erythromycin can be effective to treat ileus [ 147 ] . Moreover, daily abdominal auscultation and monitoring of opioid administration should be performed. Judicious intravenous hydration is essential because insensible fl uid losses may be substantial, leading to dehydration and exacerbating autonomic instability. Hyponatremia may develop, usually as a consequence of inappropriate antidiuretic hormone secretion. Hyponatremia is an independent indicator of poor prognosis [ 70 ] .
Pain is a common symptom in patients with GBS and is often underappreciated by the medical staff [ 61, 63 ] . Narcotics are almost always needed to manage pain, and the use of nonnarcotic, chronic analgesics often provides additional relief. Carbamazepine and gabapentin are usually successful in alleviating pain during the acute phase of GBS and may be used for long-term management of neuropathic pain [ 147 ] . An excellent alternative for severe pain in the back or legs is epidural analgesia [ 157 ] . Most patients bene fi t from early physical and occupational therapy [ 158 ] . For example, passive range of motion of paralyzed joints prevents contractures, foot boards minimize the risk of foot drop and shortening of the Achilles tendon, and frequent turning and air mattresses reduce the risk of skin breakdown and development of decubitus ulcers. Symptoms of anxiety and depression are also common, occur at all stages of the illness, and should not be overlooked. Those who are paralyzed, intubated, and unable to communicate with their caregivers are most likely to experience fear and helplessness. Communication boards allow patients to maintain a connection with their families, nurses, and medical staff. Facilitating contact with recovered GBS patients provides additional psychological support.
Immunotherapy
Several large, randomized, controlled trials have demonstrated the bene fi ts of plasma exchange when performed within the fi rst 2 weeks of the illness. The North American study involved 245 patients randomized to receive plasma exchange, 200-250 mL/kg over fi ve sessions within 2 weeks, or supportive care [ 159 ] . Treated patients improved more rapidly and regained the ability to walk earlier (an average of 53 days for the plasma exchange group vs. 85 days in untreated patients). Furthermore, those who required ventilator assistance and were treated with plasma exchange weaned sooner than controls (24 vs. 48 days). Similar fi ndings were reported from French and Swedish trials [ 160, 161 ] . Severely affected patients with features that are associated with a poor prognosis (see below) also bene fi ted from treatment, but probably less so than others. The ef fi cacy of plasma exchange is reduced if therapy is initiated after 3 weeks from the onset of symptoms [ 159, 162 ] . Plasma exchange is most effective when started within the fi rst 2 weeks of symptom onset [ 159 ] , but bene fi ts are still seen if started within 30 days of symptom onset [ 163 ] . Improvement may occur after as few as two exchanges in patients with mild GBS, but four exchanges, performed approximately on alternate days, appear necessary in those with moderate or severe forms of the illness [ 164 ] . Adding more exchanges is not indicated, since six exchanges are not superior to four in severe GBS [ 163, 164 ] . A recent report of the therapeutics and technology assessment subcommittee of the American Academy of Neurology found that plasmapheresis is effective for the treatment of moderate and severe GBS (class I studies, level A) and probably effective in mild disease (level B) [ 165 ] .
Patients treated with plasma exchange generally experience few serious adverse effects. Treatment-related complications include pneumothorax at the time of placement of central venous catheters, line infection with bacteremia or sepsis, cardiac arrhythmias, hypotension from rapid fl uid shifts, and excessive bleeding. In some patients, generally large men, the high volume of exchange necessary may be accomplished through antecubital veins, thus obviating the risk of a central venous catheter. Plasma exchange is dif fi cult to conduct in young children and patients with severe dysautonomia, especially those with hypotension, or with active cardiac disease, coagulopathy, or hepatic failure. Plasma exchange is safe to perform in children and pregnant women.
Intravenous immune globulin was introduced as an alternative to plasma exchange because of its ef fi cacy in other immune-mediated disorders, its relative safety, and ease of administration. A randomized trial comparing IVIG (400 mg/ kg/day for 5 days) to plasma exchange in 150 patients with GBS established that (1) IVIG is an effective therapy for GBS, (2) the ef fi cacy is comparable to plasma exchange, and (3) there was a low frequency of adverse effects [ 166 ] . A larger, international, randomized, multicenter, controlled trial of 379 patients with GBS (the "Sandoglobulin trial") subsequently compared IVIG (400 mg/kg/day for 5 days), plasma exchange (50 mL/kg exchanges over 8-13 days), and combined therapy. It established that IVIG and plasma exchange had equivalent ef fi cacy and that plasma exchange followed by IVIG provided no additional bene fi t [ 167 ] . There was no difference in functional disability scores at 4 and 48 weeks between IVIG, plasma exchange, and combined therapy, nor was there any difference in secondary outcome measures (time required to wean from mechanical ventilation, number of days to recover ambulation, and the proportion of patients unable to walk after 48 weeks). These fi ndings were subsequently con fi rmed by several studies and metaanalysis, despite the lack of placebo studies in IVIG [ 163, 168, 169 ] . A recent report of the therapeutics and technology assessment subcommittee of the American Academy of Neurology concurred also that there is strong evidence (level A) to support the use of IVIG in GBS which should be initiated during the fi rst 2 weeks of disease onset [ 169 ] . Also, the analysis concluded that the combination of plasmapheresis and IVIG is probably not better than either treatment alone.
The bene fi cial immunomodulator effects of IVIG are complex and not completely understood, but probably include neutralization of proin fl ammatory cytokines (especially tumor necrosis factor-alpha and interleukin-1 beta), downregulation of pathogenic antibodies, modulation of Fc-receptor-mediated phagocytosis, inhibition of complement deposition, and promotion of remyelination [ 36, 44 ] .
Headache is probably the most common side effect of IVIG occurring in up to 16 % of patients [ 169 ] . It may be prevented by premedication with analgesics or corticosteroids and by slowing the rate of infusion. Other minor complications include transient fever, chills, and transient hypertension. Serious adverse effects are currently rare and occur in less than 5 % of patients. These include serum sickness reaction, aseptic meningitis, acute renal tubular necrosis (possibly due to a high osmotic load), and a hypercoagulable state with risk of deep vein thrombosis, especially in nonambulatory patients, and myocardial infarction or stroke, especially in patients with risk factors for cardiovascular disease. IVIG should not be administered to patients with known IgA de fi ciency, a rare genetic trait, because of a high risk of developing an anaphylactic reaction. Transmission of HIV has not been reported, and infection with hepatitis C virus has been reported during the 1990s but not since. Recent improvement of IVIG manufacturing using nano fi ltration or caprylate (a saturated medium-chain fatty acid) has essentially eliminated the risk of viral transmission. IVIG can be administered safely to pregnant patients [ 170 ] . Because IVIG is generally well tolerated and easy to administer, it has become the preferred therapy for GBS in the United States [ 171 ] .
The optimal IVIG dose needed for patients with GBS remains somehow controversial. The dose of IVIG was set arbitrarily at 400 mg/kg/day for 5 days (total dose 2 g/kg) based on its use in hematologic disorders. This dose was used in most subsequent studies of IVIG in patients with GBS. A longer duration or higher dose of IVIG treatment in patients with severe disease may be bene fi cial. Indeed, Raphael et al. found that, in select patients on mechanical ventilation, a 6-day course of IVIG (total dose 2.4 g/kg) is more bene fi cial than a 3-day treatment (total dose 1.2 g/kg) with more rapid rate of recovery [ 172 ] . More recently, Kuitwaard et al. compared IgG level in serum before and 2 weeks after infusion with the standard dose of IVIG (total dose 2 g/kg) [ 173 ] . They identi fi ed a large variation of IgG levels at 2 weeks following the infusion of the same standard dose and a dose-response relationship. More signi fi cantly, patients with slight or no increase in serum IgG at 2 weeks had more severe clinical de fi cit at nadir, and fewer were able to walk at 6 months. An international study is currently assessing whether additional IVIG in patients who do not show a meaningful rise in IVIG level is bene fi cial.
Approximately 10 % of GBS patients treated with plasma exchange or IVIG relapse after initial treatment. This rate is equal with the use of plasma exchange or IVIG [ 167, 174 ] . The cause of these relapses is unknown but may be related to persistence of active disease after completing therapy or a rebound in antibody production. Patients with a more protracted course may be at higher risk for a relapse, but no other predictive factors have been identi fi ed [ 175 ] . Occasionally, a relapse may be triggered by an intercurrent infection or an ongoing CMV or EBV infection. A single study indicated that a repeated course of IVIG administered to patients who do not respond or relapse following the initial treatment may be of some bene fi t [ 176 ] , but this regimen is currently being evaluated by a controlled study. A GBS relapse raises the concern of more chronic disorder, namely, CIDP. Ruts and colleagues found recently that GBS patients deteriorate more rapidly (15-27 days) while CIDP worsen much slower (31-63 days) [ 177 ] . Also, CIDP is the likely diagnosis if patients diagnosed with GBS exhibit more than two treatment-related fl uctuations.
The dif fi cult issue of how to treat patients with severe GBS who have not improved with standard therapies remains not well clari fi ed. The "Sandoglobulin trial" showed that a course of plasma exchange followed by IVIG is not better than plasma exchange of IVG alone [ 167 ] . A repeated dose of IVIG has only been shown to be effective in a small study [ 176 ] . An international study is being conducted in assessing the use of additional IVIG in unresponsive server GBS patients or those who relapse.
A discussion on GBS treatment cannot be completed without addressing corticosteroids. Anecdotal reports indicated for decades that corticosteroids were bene fi cial to patients with GBS, but larger, prospective studies showed subsequently that oral and intravenous high-dose corticosteroids made no difference in outcome [ 178, 179 ] . There is also limited evidence suggesting that oral corticosteroids may slow recovery from GBS [ 180 ] . In combination with intravenous immunoglobulin, intravenous methylprednisolone may have a short-term effect and hasten recovery but does not signi fi cantly affect the long-term outcome [ 181 ] .
The ef fi cacy of other pharmacological agents is unknown. A small randomized controlled trial demonstrated that interferon beta 1a (Rebif ® ) was not associated with signi fi cant clinical improvement [ 182 ] . A recent meta-analysis concluded that there are no bene fi cial effects on GBS from brain-derived neurotrophic factor or cerebrospinal fl uid fi ltration [ 183 ] .
Prognosis
The majority of patients with GBS have a rapidly progressive course followed by a plateau phase of varying duration. Three-quarters of patients reach a nadir by 1 week and virtually all (98 %) do so by 4 weeks (Fig. 28.5 ) [ 77, [184] [185] [186] . Approximately 15 % of patients have a mild condition, remain ambulatory, and recover after a few weeks. Conversely, 5-20 % of patients have a fulminant course and develop fl accid quadriplegia, ventilator dependence, and axonal degeneration, often within 2 days from the onset of symptoms [ 110, 187 ] . This group is often caused by axonal loss (AMSAN subtype); The recovery is delayed and virtually always incomplete [ 90 ] ; at 1-year follow-up, most have substantial residual motor de fi cits [ 187 ] . In contrast to AMSAN, patient with AMAN have a prognosis which is comparable to patients AIDP. This may be due to rapidly reversible immune-mediated changes at the nodes of Ranvier (conduction failure) that occur in some patients with AMAN or the selective degeneration and subsequent quick regeneration of intramuscular motor nerve terminals [ 87, 89, 188 ] .
Neurologic disability advances steadily until a plateau is reached. The plateau phase usually lasts several weeks but may be only a few days in mild cases or persist for months in patients with quadriplegia and ventilator dependence. At the time of the maximum de fi cit, approximately one-third of patients require assisted ventilation, almost half are wheelchair or bedbound, 7 % have trouble walking, and the remainder are ambulatory [ 189 ] . Once recovery begins, improvement follows a predictable course; patients who were quadriparetic often recover to walk in a few months, although about half have persistent symptoms at 1 year. An earlier study reported that at 1-year follow-up, 62 % had recovered completely, 14 % could walk but not run, 9 % could not walk without assistance, 4 % remained bedbound or ventilated, and 8 % died [ 190 ] . In a more recent study, full recovery or minor de fi cits were observed in 41 % of patients in the fi rst month, 71 % in the third month, 86 % in the sixth month, and 92 % by the fi rst year [ 184 ] .
Features that predicted a poor recovery (inability to walk independently) in various studies include older age (>60 years), history of preceding diarrheal illness, recent CMV infection, fulminant and rapidly progressive course, ventilator dependence, hyponatremia, peroneal nerve conduction block, and greatly reduced CMAP mean amplitudes (<20 % of the lower limit of normal) or inexcitable nerves [ 66, 70, 159, 191 ] .
Several clinical scoring systems to predict prognosis have been used in the past. The Erasmus University scales have been validated. The scales uses the GBS disability score [ 179 ] (Table 28 .8 ) and the Medical Research sum (MRC) score [ 166 ] (Table 28 .9 ), as well as several simple and easily obtainable clinical data. The Erasmus GBS Outcome Score (EGOS) was developed based on a prognostic model that uses easy-to-obtain patients' clinical characteristics during Requiring assisted ventilation for at least part of the day 6 Dead the acute phase of illness to accurately predict the chance of being able to walk independently at 6 months. The EGOS is based on age, diarrhea, and GBS disability score at 2 weeks after hospital admission that accurately predicts the chance of being able to walk independently at 6 months [ 185 ] . A fi nal score higher than four correlates with poor recovery (Table 28 .10 ). The modi fi ed EGOS (mEGOS) model replaced the GBS disability score by the more detailed MRC sum score [ 186 ] . It is also applicable at hospital admission as well as 1 week after hospital admission (see Table 28 .10 ). It is used to predict inability to walk independently at 4 weeks, 3 months, and 6 months. The mEGOS is advantageous because it can predict groups with poor prognosis early in the disease when treatment is considered to be most effective. In addition, the Erasmus respiratory insuf fi ciency score was also validated with speci fi c parameters which predict mechanical ventilation at the time of hospital admission. These include the time between onset of weakness and admission, the MRC sum score, and presence or absence of facial and/or bulbar weakness (see Table 28 .10 ) [ 65 ] . The mortality from GBS, once reported to be as high as 10-20 % [ 192, 193 ] , has been reduced to 1-5 % in North America and Europe, most likely because of the advent of critical care units with experience in the management of this disorder [194] [195] [196] . The predictors of death are similar to the predictors of poor disability outcome [ 194 ] .
Approximately 3-6 % of patients with typical GBS develop a chronic relapsing course consistent with CIDP. These cases are referred to as acute-onset CIDP . There are no distinctive features that allow early recognition of these patients; however, CIDP should be considered very likely in patients with GBS whose relapses reach nadir after 8 weeks or have more than two relapses [ 177 ] . Some patients with a progressive phase of 4-8 weeks and a monophasic course have been labeled subacute in fl ammatory demyelinating polyneuropathy (SIDP) [ 197 ] . These patients fall between CIDP and a relapsing GBS. These patients often do not relapse and treatment could be completely tapered over several months. A few patients had bouts of recurrent GBS completely remitting and separated by long asymptomatic intervals [ 198, 199 ] . 
Guillain-Barré Syndrome Variants
Miller Fisher Syndrome
The triad of acute ophthalmoplegia, ataxia, and are fl exia, initially described by Fisher in 1956, has been recognized as a variant of GBS on the basis of shared clinical features with the typical disease and EDX fi ndings indicating an acute sensory neuropathy [ 200 ] . Miller Fisher syndrome accounts for approximately 5 % of GBS cases in North America and Europe but may represent as high as 20-25 % of GBS patients in Eastern Asia [ 201, 202 ] . In some patients, the illness progresses to generalized GBS that overtakes the other features [ 184, 203 ] . Diplopia is usually the fi rst symptom, followed by limb or gait ataxia that appears within days. Additionally, there may be mild distal paresthesias, dysphagia, or mild proximal limb weakness in up to one-third to one-half of cases. In some patients, frank GBS develops with respiratory failure requiring ventilator support. In patients with the classical syndrome, respiratory failure is, however, rare [ 201, 202 ] . Unilateral or bilateral asymmetric abducens weakness is a common initial fi nding and often evolves to complete external ophthalmoplegia. Ptosis is present in the majority of patients but pupillary function is usually preserved (a small proportion do have internal ophthalmoplegia). Ataxia typically involves all the limbs and gait but may be asymmetric early in the illness. Large amplitude, discoordinated, and poorly metricated limb movements are indistinguishable from a cerebellar efferent ataxia. The deep tendon re fl exes are absent in all fully developed cases. The Fisher syndrome can be confused with brainstem lesions such as encephalitis or infarction, but the presence of other central nervous system features (confusion, seizures, alternating hemiparesis, Babinski signs, etc.) and normal electrophysiologic studies in the latter conditions clarify the diagnosis.
The CSF protein level may be elevated in Fisher syndrome but less frequently than in typical cases of GBS [ 201 ] . The EDX fi ndings are abnormal in half of the patients with absent or low-amplitude SNAPs or a sural spaing pattern. Motor conduction abnormalities are rare [ 204 ] . In almost all patients (95-98 %) with Fisher syndrome studied, there has been elevated antiganglioside antibodies directed against the epitope GQ1b (Table 28. 11 ) [ 51, 205 ] . The observation that paranodal regions of the oculomotor, trochlear, and abducens nerves are enriched with GQ1b ganglioside supports a role of anti-GQ1b antibodies in the pathogenesis of ophthalmoplegia. Indeed, patients with incomplete forms (acute ataxic neuropathy and acute ophthalmoplegia), generalized GBS with ophthalmoplegia, and Bickerstaff's encephalitis also display the antibody [ 51, 205, 206 ] . Sera from patients with antiGQ1b antibodies and Fisher syndrome induced rapid and reversible failure of release of acetylcholine from presynaptic motor nerve terminals and motor nerve terminal blockade [ 207, 208 ] . The ataxia is believed to be secondary to selective involvement of muscle spindle afferents [ 52, 205, 206 ] .
About 20 % of patients with Miller Fisher syndrome have followed C. jejuni infection and 8 % followed H. In fl uenzae infection [ 209, 210 ] . The majority of patients peak at a median of 1 week and improvement starts at a median of 2 weeks [ 211 ] . Most patients are recovered completely by 6 months.
Miller Fisher Syndrome (MFS) and Bickerstaff's encephalitis with variable CNS and PNS involvement are considered now part of a continuous clinical spectrum with a common pathogenesis related to the presence of anti-GQ1b antibody. Ataxia and ophthalmoplegia are common to both conditions. Impaired consciousness and upper motor neuron signs are more characteristic of Bickerstaff's encephalitis. The current hypothesis is that this antibody reaches the brainstem via area postrema, attacking the reticular formation and corticospinal tract, among other structures. Hyperre fl exia and Babinski's sign are present in 1/3 of the Bickerstaff's encephalitis patients. CSF albuminocytological dissociation occurs in around 25 % of patients during the fi rst week of illness, increasing to 50 % in the second week. Pleocytosis is present in 30 % of cases, much more frequently than in the Fisher syndrome (around 5 %). MRI detects CNS lesions (brainstem and cerebellum) in 1/10 of the Bickerstaff's encephalitis patients [ 205 ] . Elevated anti-GQ1b antibody is seen in up to 70 % of patients with Bickerstaff's encephalitis (see Table 28 .11 ).
Immunotherapy has been found to be effective only in retrospective studies [ 202, 212, 213 ] . IVIG slightly hastens the recovery of ophthalmoplegia and ataxia, but does not seem to in fl uence patients' outcomes, presumably because of the good natural history of Fisher syndrome. However, plasma exchange or IVIG should be administered as early as possible when the disorder overlaps with GBS or Bickerstaff brainstem encephalitis, because these conditions may not have as good a natural course as the Fisher syndrome [ 202 ] . Animal models of MFS with transference of GQ1b antibodies have showed ef fi cacy of C5 complement inhibitors as promising treatment. Clinical application in human being is yet to be reported [ 214, 215 ] .
Ataxic Variant (Acute Ataxic Neuropathy)
In 1962, Richter quoted the term ataxic GBS and described a patient with acute severe "cerebellar type ataxia" without proprioceptive sensory loss or ophthalmoplegia [ 216 ] . This group of patients presents with a rapid-onset ataxia, hypoor are fl exia, distal paresthesias, and CSF albuminocytological dissociation [ 206 ] . They have negative Romberg test with intact proprioception, and 65 % of them have elevated GQ1b antibodies (see Table 28 .11 ). SNAPs are intact in 60 % and reduced or absent in the rest [ 206 ] . Clinically, this variant is similar to the Miller Fisher syndrome, except for the lack of ophthalmoplegia and reduced occurrence of elevated GQ1b antibodies (65 % vs. 98 % in Miller Fisher syndrome). Another group of acute ataxic patients, labeled "acute sensory ataxic neuropathy", has similar presentation but positive Romberg test and marked proprioceptive sensory loss [ 217, 218 ] . About 90 % of these patients have low-amplitude or absent SNAPs [ 206 ] . Antibodies against the epitopes GQ1b or GD1b are present in about 50 % of these patients. It is now likely that the ataxic GBS, originally described by Richter, and the acute sensory axonal neuropathy form a continuous spectrum and represent an incomplete form of the Miller Fisher syndrome with similarly good prognosis. Some authors recently proposed the terms "acute ataxic neuropathy" [ 206 ] or "acute sensory axonopathy-ganglionopathy" to encompass both of these disorders [ 219 ] . The main differential diagnoses of ataxic GBS are subacute paraneoplastic sensory neuronopathy (anti-Hu syndrome), Sjögren syndrome, pyridoxine intoxication, and vitamin B12 and thiamine de fi ciency. Anecdotal reports have shown improvement with IVIG or plasma exchange [ 206 ] .
Pharyngeal-Cervical-Brachial Variant
A regional pattern of weakness of the cervical, brachial, and oropharyngeal muscles exclusively is a rare variant of GBS [ 143, 220 ] . The clinical picture is characterized by a recent history of viral illness followed by severe weakness limited to pharyngeal and neck muscles at the onset, with spread to the arms and legs only after several weeks. However, upper limb weakness may sometimes precede the dysphagia. Muscle power, re fl exes, and sensation are entirely spared in the legs. Facial weakness and respiratory failure also may occur, thus simulating a disorder of neuromuscular transmission. Curiously, ptosis is almost universal, further emulating myasthenia gravis [ 143, 184 ] . Ophthalmoparesis is rare.
Aspiration is a common complication and most require intubation for airway protection. The CSF protein concentration is usually slightly increased. About half of the patients exhibit elevated anti-GT1a antibodies, perhaps re fl ecting an immune attack that is restricted to nerves with that particular epitope serving as an antigenic target [ 221 ] . Antibodies against GQ1b are also present in around a third of patients [ 221 ] . Nerve conduction studies may demonstrate demyelinating and axonal changes limited to the upper limbs. The blink re fl exes are very useful and often show demyelinative changes that are commensurate with the severity of facial paralysis. Some patients with the pharyngeal-cervical-brachial variant of GBS show low-amplitude distal CMAPs and SNAPs and partial motor conduction blocks which normalized within 4 weeks [ 222 ] . This is consistent with reversible conduction failure in both motor and sensory fi bers which can account for a better prognosis and similar to what is observed in AMAN. In the rest of the patients, recovery may take months and many patients need a gastrostomy tube for nutritional support and a tracheostomy for airway management. Case reports have shown improvement with IVIG or plasma exchange [ 223 ] .
Multiple Cranial Neuropathy Variant
This GBS variant is characterized by acute onset of multiple cranial nerve dysfunction, multiple ocular motor nerve palsies, and facial and bulbar dysfunction [ 224 ] . This form accounts for around 5 % of GBS patients in Taiwan [ 224 ] . The fi ndings are often due to involvement of individual cranial nerves, often bilaterally and symmetrically. This also helps distinguish this from the pharyngeal-cervical-brachial variant of GBS. Bilateral IX, X, and XI cranial nerve impairment, resulting in dysphagia, laryngopharyngeal discomfort, and slurred speech, is the initial symptom in most cases [ 203 ] . The second most common mode of presentation is facial nerve palsy, which is usually bilateral and of the peripheral type [ 223 ] . Complete or partial bilateral extraocular nerve palsies may later develop. Although not initially present, within 2-3 weeks most patients will develop sensory symptoms and limb weakness. Are fl exia is usually present. CSF analysis shows the characteristic albuminocytologic dissociation in half of the patients in the fi rst week after disease onset, a somewhat higher rate and earlier occurrence than that seen in typical GBS [ 223 ] . Most case series report abnormalities in motor and sensory conduction velocities and abnormal F-wave responses. The characteristic rapid, progressive course with respiratory paralysis makes early recognition and prompt treatment very important. IVIG was effective in most case series and this is considered the preferred therapy [ 223, 224 ] .
Facial Diplegia with Paresthesias
A syndrome of acute-onset facial diplegia often associated with distal limb paresthesias is another GBS variant [ 225 ] . Other cranial nerve involvements, limb weakness, or ataxia are absent. The majority of patients have hypore fl exia, while hyperre fl exia has been described in this syndrome [ 226, 227 ] . More than 2/3 of them have a preceding infectious illness. One-third of the patients have positive serology for a recent CMV infection. All the patients had elevated CSF protein. Nerve conduction studies shows demyelinating changes in limb nerves in 60 % of patients. Favorable outcome occurred in the majority of patients and in some have residual facial weakness [ 225 ] .
Paraparetic Variant
Another regional variant of GBS has features of isolated leg weakness and are fl exia simulating a cauda equina or spinal cord syndrome [ 143 ] . The arms, ocular, facial, and oropharyngeal muscles are spared, and sphincteric function is normal. Radicular leg pain is common and may be severe, but other sensory features are more variable. The spinal fl uid protein level is elevated in the majority. EDX studies show typical demyelinating features of GBS restricted to the legs. MRI of the spinal cord and lumbar roots should be obtained in these patients to exclude a lesion of the caudal spinal cord or cauda equina. Imaging may also show gadolinium enhancement of the lumbosacral nerve roots, as also occurs in many typical GBS cases [ 124 ] .
Acute Pandysautonomia (Acute Autonomic Neuropathy)
An acute autonomic neuropathy is thought to be another rare variant of GBS [ 184, 228, 229 ] . Gastrointestinal symptoms are commonly the initial features, namely, abdominal pain, vomiting, constipation, or diarrhea, all following a viral syndrome. Gastroparesis or abdominal distention with an ileus may develop. Patients complain of lightheadedness due to orthostatic changes in blood pressure following positional changes, and in extreme forms, severe orthostatic hypotension with recurrent syncope are seen. Additional manifestations that are acquired in the fi rst week or two include erectile dysfunction, urinary frequency, urgency, and retention; vasomotor instability with acrocyanosis; and reduced salivation, lacrimation, or sweating. Sensation is normal initially but most patients develop various degrees of sensory impairment without motor dysfunction [ 230 ] . The sensory symptoms tend to be segmental and asymmetrical, often associated with pain. The majority of patients have reduced or absent deep tendon re fl exes after several weeks. Routine nerve conduction studies are typically normal or show reduced SNAPs particularly in patients with sensory ataxia. Specialized testing of autonomic functions (heart rate variability testing, quantitative axon re fl ex studies, tilt table testing) are abnormal. The CSF protein concentration is usually mildly elevated. Combined sensory and autonomic GBS variants are probably common [ 219, 231 ] .
In order to diagnose this condition, one has to rule out a large number of disorders that may cause autonomic dysfunction (cancer, multiple system atrophy, Parkinson's disease, amyloidosis, and others). Autoantibodies speci fi c for nicotinic acetylcholine receptors in the autonomic ganglia are present in about 30 % of the paraneoplastic form and 50 % of the idiopathic autonomic ganglionopathies [ 232 ] . The seropositive group has less frequently a preceding viral illness but more frequently a subacute onset, abnormal pupillary responses, sicca complex, and lower gastrointestinal dysautonomia [ 233 ] .
This GBS variant characteristically progresses and then plateaus after a few weeks, and approximately half the patients recover slowly after several months. There have been case reports of improvement with immunomodulatory therapy, including plasmapheresis or infusion of IVIG [234] [235] [236] .
Other Possible GBS Variants
A number of other peculiar constellations of neuropathic disorders that develops acutely, often after a minor infectious illness, are possible variants of GBS. These conditions begin acutely, are mostly bilateral in one region, evolve over days or weeks, and are monophasic. Most are associated with an elevated spinal fl uid protein concentration without a cellular response and with features of demyelination on EDX studies. These syndromes include acral paresthesias with diminished re fl exes in either the arms or legs, abducens nerve palsies with distal paresthesias and hypo-or are fl exia, isolated ophthalmoplegia (e.g., asymmetric oculomotor nerve palsies), and bilateral foot drop with upper limb paresthesias [ 237, 238 ] . A small fi ber sensory neuropathy was also described and considered by some authors to be a GBS variant [ 239, 240 ] . The outcome in these patients was favorable.
